through reduced propensity for arrhythmia. [11] [12] [13] [14] [15] [16] [17] [18] Infusion of omega-3 PU-FAs also prevented inducible sustained ventricular tachycardia (VT) in some patients. 19 In contrast, Burr et al did not show a protective effect of intake of fish or fish oil on cardiac death in a trial of 3114 patients with stable angina. 20 Furthermore, 2 recent trials on fish oil and ventricular arrhythmia in patients with implantable cardioverter-defibrillators (ICDs) yielded inconclusive results. 21, 22 Thus, the potential of omega-3 PUFAs for reducing risk of life-threatening arrhythmia in patients with ICDs is unclear.
We report the effect of omega-3 PU-FAs from fish on the incidence of recurrent ventricular arrhythmia and allcause mortality in a large double-blind, randomized trial of patients with ICDs.
METHODS
The Study on Omega-3 Fatty acids and ventricular Arrhythmia (SOFA) was performed according to strict guidelines (International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use) for good clinical practice. A detailed description of the study design and rationale and hypotheses has been published. 23 All institutional review boards approved the protocol, and all enrolled participants provided written informed consent.
Patients
Patients were recruited from 26 cardiology clinics in 8 European countries: Poland, Germany, the Netherlands, United Kingdom, Czech Republic, Belgium, Austria, and Switzerland. Consenting men and women who were at least 18 years old were eligible if they had experienced at least 1 true, confirmed, spontaneous VT or ventricular fibrillation (VF) in the preceding year, and they either had an ICD or were about to receive one. Each ICD had to be capable of recording intracardiac electrograms for at least 10 of its (attempted) therapeutic interventions.
Exclusion criteria included receipt of an ICD for prophylactic reasons (thus, for primary prevention) with no true VT or VF in the year before participation; ICD as a "bridge" to heart transplantation; refractory supraventricular arrhythmias with rapid ventricular rates despite antiarrhythmic therapy; a projected life span of less than 1 year; use of supplemental omega-3 PUFAs during the past 3 months or consumption of more than 8 g of omega-3 PUFAs from fish or seafood per month (267 mg/d) as judged by a seafood frequency questionnaire. Pregnant women, women of childbearing age who did not use adequate contraception, and patients with a known history of recent drug or alcohol abuse were also excluded.
Study Design
This study was a double-blind, placebocontrolled, parallel-group, multicenter trial. Eligible patients were assigned to receive treatment with either 2 g of purified fish oil daily or matching placebo. The daily dose of 2 g (4 capsules) of purified fish oil contained (on average) 961 mg of omega-3 PUFAs (464 mg eicosapentaenoic acid, 335 mg docosahexaenoic acid, and 162 mg other omega-3 PUFAs; mean of 12 samples taken at regular intervals during the study). Placebo treatment consisted of 2 g of high-oleic acid sunflower oil. Both fish oil and placebo oil contained 3000 ppm of tocopherol as antioxidant. (The oils were purchased from Loders Croklaan, Wormerveer, the Netherlands, and encapsulated by Banner BV, Tilburg, the Netherlands.)
A telephone allocation service assigned patients according to a random code, with blocked stratification for cardiology clinic and use of ␤-blockers. Fish oil or placebo was provided in addition to the usual patient care. All possible measures were taken to hide the nature of the treatments from the participants, the investigators, the laboratory, and data analysis staff throughout the study. Fish oil and placebo capsules had identical appearance, and the difference could not be tasted if swallowed with cold liquid as instructed. Two registered dietitians unconnected to the study took delivery of the capsules and labeled the bottles containing the capsules with medication numbers that were unidentifiable for patients and investigators; each patient received a unique medication number. Treatment lasted 12 months or until the end of the trial in January 2005. Patients visited their local cardiology clinic at baseline and at scheduled visits (4, 8, and 12 months) . At each visit the ICD was telemetrically interrogated and the data were stored. Data from unscheduled visits (eg, when a patient's ICD had delivered a shock) were also collected to ensure complete follow-up of ICD data. At each visit investigators or research nurses recorded clinical data, medication use, and adverse events in a customized case report form. Clinical research associates regularly visited each cardiology clinic and checked the patient files to ensure complete data collection.
At baseline and at the end of the intervention, blood samples were collected. Blood samples were obtained after an overnight fast, centrifuged, and stored at -70°C to -80°C; samples were sent on dry ice to Wageningen University and analyzed for cholesteryl ester fatty acid composition 24 to determine the proportion of omega-3 PUFAs. As an additional check of adherence, we assessed the number of returned capsules. Fish consumption during the intervention period was monitored every 4 months with a dietary recall questionnaire.
Investigators were advised to program all ICDs by predefined criteria, eg, the tachycardia detection cycle length was the slowest spontaneous VT with a safety margin of 50 ms. However, for ethical reasons, treating physicians were allowed to program the ICD differently if they thought this was more appropriate for the patient.
End Points
The primary end point was defined as an appropriate ICD intervention, ie, shock or antitachycardia pacing, for spontaneous ventricular tachyarrhythmias (true VT, or VF), or death from any cause. All retrieved ICD data were sent to a central blinded ICD Core Labora-FISH OIL, VENTRICULAR TACHYARRHYTHMIA, AND DEATH IN PATIENTS WITH ICDS tory, where all ICD electrograms were assessed for arrhythmic events according to a fixed algorithm (D. A. M. J. Theuns, copy available from authors on request). The ICD Core Laboratory presented data sets of arrhythmic events-if detected-of each patient for evaluation to a blinded endpoint adjudication committee (EAC), which consisted of 7 expert cardiologists. The ICD Core Laboratory sent suspected events to the EAC in groups of 10. If the EAC declared any of these 10 to be a true VT or VF, the patient had reached his/her end point and no more data needed to be analyzed, although intervention and follow-up continued normally.
In addition, the EAC evaluated a random 10% of all ICD records in which no event had been detected by the ICD Core Laboratory. Two members of the EAC independently judged each set of data. They decided on the appropriateness of the ICD intervention and the classification of possible arrhythmic events as VT or VF. When they disagreed, a third member of the EAC gave final judgment. They also reviewed myocardial infarctions (MIs), deaths, and causes of death.
Power Calculation
We expected that 35% of patients in the placebo group would experience at least 1 life-threatening arrhythmia (true VT and/or VF) or death during the year of follow-up, 25 and that this number would decrease to 22% in patients receiving fish oil. 23 Thus, event-free survival would increase from 65% in the placebo group to 78% in the fish oil group and the hazard would decrease by 35%. To show this effect with 80% power would require 104 first events in the combined treatment groups; 352 patients would need to be treated for 1 year. 23 We recruited 546 patients as a safeguard against dropout and data loss. A post-hoc power analysis revealed that the final number of participants and events was sufficient to detect a 33% reduction in events.
Statistical Analysis
The primary intention-to-treat analysis was done on time to first event for all ran-domized patients. 23 We dealt with missing data for the primary end point variable by using the last available ICD reading. Participants without any ICD data or information on survival did not contribute to the total person-time. We used time-to-event Kaplan-Meier curves to describe the proportion of patients per treatment group who remained eventfree during the intervention period. Differences in time-to-event between treatment groups were compared using log-rank tests. Effect of treatment was also tested using Cox proportional hazards models with backward selection, with and without adjustment for covariables. In secondary analyses we examined the effects of omega-3 PUFAs in predefined subgroups, namely patients with a prior MI, patients with VT in the year before participation in the study, patients with VF in the year before participation in the study, and patients with an ejection fraction lower than 30%. Post hoc we added a subgroup analysis for pa-tients who were not using antiarrhythmic medication.
All statistical analyses were performed using SAS software (version 9.1, SAS Institute Inc, Cary, NC). A P value of Ͻ.05 was considered significant, and all comparisons were 2-sided.
RESULTS

Adherence, Dropouts, and Adverse Effects
We enrolled 546 patients between October 2001 and August 2004 (FIGURE 1). They randomly received either 2 g/d of fish oil (n=273) or placebo (n=273) for a median period of 356 days (range, 14-379 days). There were 23 (4%) patients who did not provide any ICD data. In addition, 23 patients (8%) in the fish oil group discontinued the use of capsules, and 10 patients (3%) took nonstudy fish oil; in the placebo group, 18 patients (6%) discontinued the use of capsules, and 15 (5%) took nonstudy fish oil capsules. Adherence was generally good, as judged by capsule count; 207 patients (76%) in the fish oil group and 218 patients (80%) in the placebo group took more than 80% of their capsules. In the fish oil group, eicosapentaenoic acid concentrations in serum cholesteryl esters (g/100 g fatty acids) increased from a mean (SD) of 1.10 (0.60) at baseline to 2.30 (1.01) at the end of the study, which is in the expected range. 26 For the placebo group, these figures were 1.09 (0.64) and 1.23 (0.83), respectively.
The treatment groups were well matched at baseline (TABLE 1). Estimated intake of omega-3 PUFAs from fish in the background diet was 132 (79) mg of omega-3 PUFAs per day for the fish oil group and 121(75) mg/d for the placebo group at baseline, and 123 (96) mg/d and 121 (101) mg/d, respectively, at the end of the trial. The number of patients experiencing serious noncardiac adverse events was similar in both the fish oil group and the placebo group (TABLE 2) .
Primary Outcome
Event-free survival did not substantially improve in the fish oil group (FIGURE 2 and FIGURE 3) . Eight patients (3%) in the fish oil group and 14 patients (5%) in the placebo group died during the intervention period; 6 (2%) of the deaths in the fish oil group and 13 (5%) of the deaths in the placebo group were cardiac deaths. In total, 75 patients (27%) in the fish oil group and 81 patients (30%) in the placebo group received appropriate ICD intervention for VT or VF (TABLE 3) .
There was also no major difference in event-free survival between the treatments in a subgroup of patients who had experienced VT in the 12 months prior to the study (log-rank P=.58). In prespecified subgroup analyses, the hazard ratio (HR) was 0.91 (95% confidence interval [CI], 0.66-1.26) for fish oil vs placebo in the 411 patients who had experienced VT in the year before the study, and 0.76 (95% CI, 0.52-1.11) for 332 patients with prior MI. In 302 patients with solely VT in the 12 months prior to the study but no VF or flutter, 47 (32%) of Figure 3 ). There was thus no indication that patients with previous VT fared worse when taking fish oil. In patients with prior MI (n=342; Figure 2 ), there was a tendency toward a longer event-free survival in the fish oil group compared with the placebo group, but the difference was not significant (P=.13). Forty-seven MI patients (28%) in the fish oil group reached the primary end point vs 61 patients (35%) in the placebo group. Unadjusted crude Cox proportional hazards models showed no strong protective effect of fish oil in all patients combined (Figure 3 ). When we added the baseline characteristics of sex, ejection fraction, current smoking, New York Heart Association (NYHA) class for angina pectoris, NYHA class for dyspnea, valvular heart disease, prior MI, cardiomyopathy, VT as index arrhythmia, VF as index arrhythmia, and use of antiarrhythmic medication at baseline as covariables to the model, only VT as index arrhythmia contributed significantly. Adjustment for VT as index arrhythmia resulted in an HR of 0.87 (95% CI, 0.65-1.18). Analyses in the predefined subgroups, adjusted for baseline characteristics if appropriate, again suggested trends toward beneficial effects of fish oil (Figure 3 ), but again these effects were not statistically significant.
COMMENT
To the best of our knowledge, SOFA is the largest completed and reported double-blind trial of fish oil and cardiac events. SOFA was powered to detect a 33% reduction in events, but such a large reduction was not seen. Epidemiological studies and clinical trials suggested a strong protective effect of omega-3 PUFAs on cardiac death and, more specifically, on sudden cardiac death. [4] [5] [6] 8, 10, 27 As sudden cardiac death is in the majority of cases preceded by ventricular arrhythmia, 2 the hypothesis that omega-3 PUFAs would have strong antiarrhythmic effects was appealing. This hypothesis was also supported by evidence from human experimental studies, animal studies, and in vitro studies. 19, 28, 29 In SOFA, we observed, in agreement with our power calculation prediction, 67% survival free of appropriate ICD events in the placebo group. However, event-free survival was no more than 70% in the fish oil group. Differences in baseline characteristics between the 2 treatment groups cannot explain this outcome because adjustment for these did not materially affect the effect size (adjusted HR, 0.87; 95% CI, 0.65-1.18). The total number of 171 patients with at least 1 event (including death) in SOFA would have been sufficient to detect an increase in event-free survival from 67% in the pla-cebo group to 77% in the fish oil group. Thus, we had sufficient power to detect effects in the expected range.
Our results suggest that the effect of fish oil on life-threatening arrhythmias or death in patients with ICDs is less than the 44% reduction in sudden death seen in the GISSI Prevenzione trial. 4 We cannot exclude the possibility of a protective effect of fish oil of up to 36%, as this figure is the upper limit of our CI, but we think that such a large effect is unlikely. Not only were differences in outcome between the intervention groups in our study small, but also the results of 2 similar studies were inconsistent and do not support such a large effect. 21, 22 Thus, the overall effect of supplementation with omega-3 PUFAs on the incidence of recurrent ventricular arrhythmia or death in this population of patients with ICDs seems more modest than that observed for sudden death in earlier observational studies of apparently healthy participants and in a trial with post-MI patients. 4, 6, 8 Two previous trials 21, 22 also showed no significant reduction in the primary outcome of ICD therapy for VT/VF or death in a population of patients with ICDs. However, subanalyses by Leaf et al 22 point in the direction of a protective effect. Unlike Raitt et al, 21 we found no indication that patients with VT at entry into the study were at increased risk of ventricular arrhythmia. On the contrary, we found a nonsignificant reduc-tion of hazard for patients taking fish oil who had experienced solely VT, not VF or flutter, in the 12 months prior to the study. Our data also do not suggest any harm of fish oil treatment on arrhythmia outcome in other subgroups of patients with ICDs ( Figure 3) .
Although our trial and the trial by Raitt et al 21 differed with respect to treatment time and dosage of omega-3 PUFAs, we do not think that this explains the apparent divergence of results. We chose a dose that was similar to the dose in the GISSI trial, which showed dramatic effects on sudden death. Our dose was on the high side of intakes in epidemiological studies that observed an association between fish and heart disease and corresponded to 2 to 3 portions of salmon or mackerel per week. Furthermore, the length of our treatment was such that we observed sufficient arrhythmias to judge the effect of treatment.
Differences between the patient populations also do not offer a ready explanation. Raitt et al 21 included only patients using no antiarrhythmic medication, whereas we included patients using and not using antiarrhythmic medication. 21 However, we did not see an adverse effect in 213 patients not using antiarrhythmic medication (HR adjusted for ejection fraction, 0.96; 95% CI, 0.59-1.57). Thus, we have no clear explanation for the differences in outcome between the studies.
In the 342 patients with prior MI, there was a nonsignificant tendency for a beneficial effect of fish oil on event-free survival ( Figure 2; P=.13 ). There are other indications that the protective effect of fish oil against life-threatening arrhythmias might be confined to patients with prior MI. Two previous trials in which omega-3 PUFAs prevented cardiac death investigated post-MI patients. 4, 10 Thus, the GISSI-Prevenzione trial 4 showed a marked reduction in sudden cardiac death, and the DART trial also showed fewer cardiac deaths in patients with prior MI consuming omega-3 PUFAs. In contrast, in a second trial by Burr et al, 10 patients with stable angina without MI experienced no benefit from fish oil. On the contrary, those angina patients who received fish oil capsules showed an excess risk of cardiac death. 20 However, there are some methodological concerns about this study in angina patients. Our results combined with the results of these trials suggest that the benefit of fish oil might be confined to patients with prior MI. In our study, patients had experienced MI between 2 weeks and 25 years before entry into the study. This wide range may have obscured a possible effect of a prior MI. It is conceivable that fish oil would be most effective in preventing ventricular arrhythmia in patients with a recent MI, as the amount of scar tissue is still limited in those patients; this would be a group of patients comparable to the patients in the GISSI-Prevenzione trial. 4 
Favors
Fish Oil
Favors Placebo
The subgroup analyses for ventricular fibrillation (VF) as index arrhythmia and for no antiarrhythmic medication were adjusted for ejection fraction (EF); that for prior myocardial infarction (MI) was adjusted for ventricular tachycardia (VT) as index arrhythmia. Size of data marker indicates number of patients. Abbreviations: CI, confidence interval; ICD, implantable cardioverter-defibrillator. *Values are numbers of patients (% of treatment group); patients can be in more than 1 category. Two patients in the fish oil group and 5 patients in the placebo group reached the first event, namely sustained ICD intervention before dying. Analyses on secondary end points were only performed in groups with sufficient events.
CONCLUSION
In this large randomized trial we did not find evidence of strong protective effect of intake of omega-3 PUFAs from fish oil against ventricular arrhythmia in patients with ICDs. In contrast to others, 21 we did not find that fish oil may have proarrhythmic properties.
